sidering that remission from hypercortisolism is often difficult to achieve and that the cardiovascular risk can persist even during disease remission, care and control of all cardiovascular risk factors should be one of the primary goals during the follow-up of these patients.
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The Metabolic Syndrome
The increased cardiovascular risk of patients with CS is mainly due the metabolic syndrome [5] . The metabolic syndrome is a severe clinical condition associated with an increased cardiovascular risk, which affects approximately 20% of the general population and is characterized by visceral obesity, hypertension, insulin resistance and dyslipidemia, common features of patients with CS [6] . These metabolic abnormalities were found to be more severe in patients with pituitary-dependent CS or Cushing's disease (CD) who are characterized by abdominal obesity than in healthy subjects matched for body mass index who are characterized by general obesity, confirming the relevant impact of the visceral obesity on the development of the metabolic syndrome and the consequent increased cardiovascular risk [7] . Indeed, abdominal obesity, but not peripheral obesity, is associated with a decrease in peripheral insulin sensitivity and hepatic insulin extraction [6] . Insulin resistance is a prerequisite for the development of metabolic syndrome [6] . In patients with hypercortisolism, insulin resistance and abdominal obesity induce gluconeogenesis and promote a cascade of metabolic abnormalities that result in an overt metabolic syndrome [5] . In a transsectional study metabolic syndrome was found in patients who had been cured from CD for at least 5 years [8] . These patients maintained several clinical and biochemical abnormalities typical of the active phase of CD, such as overweight or obesity in 73%, hypertension in 40%, impaired glucose tolerance or diabetes mellitus in 60% and dyslipidemia in 30% of patients. Insulin levels were increased compared with normal subjects at fasting and after glucose load, suggesting a state of insulin resistance with hyperinsulinemia. Finally, the significant correlation between waist-to-hip ratio, expression of abdominal obesity or fasting insulin levels and most metabolic abnormalities confirmed the role of visceral obesity and insulin resistance in the persistence of metabolic syndrome and their contribution to the persistence of cardiovascular risk in patients with cured CD despite the long-term normalization of cortisol secretion [8] . The direct consequences of the metabolic syndrome characterizing patients with CS are mainly represented by both cardiac and vascular abnormalities.
Vascular Abnormalities
The main vascular alteration associated with CS is arterial atherosclerosis. Carotid intima-media thickness (IMT), a strong predictor of systemic atherosclerosis, was found to be significantly increased and associated with premature development of carotid atherosclerotic plaques in patients with CD during the active phase of the disease [7] . In these patients carotid artery IMT decreased after 1 year of disease remission although it remained abnormal compared with the controls, indicating a persistent cardiovascular risk [7] . The improvement in vascular parameters was associated with partial regression of metabolic abnormalities. Waist-to-hip ratio was the best predictor of IMT in active but not in cured disease. The results of this study suggested that the metabolic syndrome associated with endogenous hypercortisolism may play an important role in determining carotid atherosclerosis. It is worth noting that an increased carotid IMT and prevalence of atherosclerotic plaques compared with the general population were also found in a cohort of patients with CD evaluated after long-term disease remission [8] . In these patients, the carotid vascular damage was significantly and independently correlated with the degree of central adiposity and insulin resistance, demonstrating that these factors mainly contribute to the persistence of vascular damage in patients' cure of CD. In a different study, an IMT significantly higher than in a population matched for cardiovascular risk factors, such as smoking habit, body mass index, blood pressure, glucose and lipid levels, was described in multiple vascular districts [9] . CS has also been found to be associated with a functional alteration of the vascular system. Indeed, an endotheliumdependent flow-mediated vasodilation has been reported to be impaired in patients with CS compared with controls [10] . As to markers of endothelial dysfunction and/ or inflammation, there are studies showing a variable increase of endothelin, vascular endothelial growth factor, cell adhesion molecules, interleukin-8 and osteoprotegerin, which were found to decrease or normalize after successful surgery. However, the clinical relevance of these markers for cardiovascular risk is still unclear [11, 12] .
Coagulopathy represents another important factor for the development of arterial atherosclerosis in patients with CS. The hypercoagulable state is considered a crucial factor predisposing patients with CS to thromboembolic events, mostly after surgery [13] . Indeed, glucocorticoid excess increases plasma clotting factors, especially factor VIII and the von Willebrand factor complex, and may affect the multimeric structure of this complex causing an overexpression of abnormally high molecular weight multimers, which enhance both the induced and spontaneous platelet aggregation. Patients with CS also present reduced plasma fibrinolytic capacity largely due to an increase in plasminogen activator inhibitor type 1. An adequate anticoagulant prophylaxis can reverse this prothrombotic state and avoid postoperative thromboembolic events [13] .
Hyperhomocysteinemia, an important factor associated with a prothrombotic state and with cardiovascular disease, has been described as one of the features of CS [14] . Moreover, increased levels of homocysteine and, more importantly, decreased levels of taurine, have been described in patients with CD [15] . Taurine has increasingly revealed a protective factor for the cardiovascular system, because it seems to counteract the homocysteineinduced cardiovascular damage [15] . This study suggests that taurine deficiency more than homocysteine excess may contribute to the cardiovascular risk of patients with CS. On the other hand, since no abnormalities of homocysteine and taurine metabolism seem to persist after remission from hypercortisolism, hyperhomocysteinemia and hypotaurinemia seem to be reversible metabolic complications that do not contribute to the persistent and progressively worsening cardiovascular risk of patients cured of CS [15] .
Hypertension is a common feature of CS, and it represents an important factor for the development of both vascular and cardiac abnormalities in patients with CS [16, 17] . Hypertension affects 70-80% of adults and 50% of children and adolescent patients. The prevalence of hypertension is related neither to the duration of disease nor to gender, while hypertensive patients were signi ficantly older than normotensive patients. The circa dian blood pressure rhythm is invariably altered, showing the typical nondipping patterns (lack of physiolo gical nocturnal fall in blood pressure); this pattern is related to greater end-organ damage and increased mortality. Glucocorticoid-dependent hypertension has a multifactorial pathogenesis: inhibition of vasodilatory system (nitric oxide synthase, prostacyclin and kinin-kallikrein), activation of the renin-angiotensin system, increased vascular reactivity to the vasoconstricting stimulation of catecholamines, inhibition of peripheral catabolism of catecholamines, in particular norepinephrine. In addition, the increased cortisol levels may exceed the capacity of the renal enzyme 11 ␤ -hydroxysteroid dehydrogenase type 2 to inactivate cortisol, making it available for binding to the mineralocorticoid receptors, thus behaving like an aldo sterone excess. The blood pressure response to antihypertensive therapy is not satisfactory unless normal cortisol levels are restored. In adults, hypertension can persist even after remission due either to a possible coexistence with essential hypertension or to permanent damage incurred by cortisol in the vascular microcirculation [16, 17] .
Cardiac Abnormalities
Cardiac function in CS has not been studied much in CS. However, a study evaluating patients with active CS demonstrated the presence of an abnormal left ventricular (LV) geometry with increased LV mass index and relative wall thickness, which was associated with LV diastolic dysfunction, mainly characterized by an impaired relaxation and LV filling pattern, but preserved LV ejection fraction and systolic function [18] . Recently, it has been demonstrated with two-dimensional speckle tracking strain imaging that the abnormalities in the LV structure and function in patients with CS are reversible upon normalization of corticosteroid excess [19] . In this study, a significant reduction in LV mass and relative wall thickness together with a normalization of LV diastolic function was described in patients with CS after disease remission; in particular, there is an early improvement in longitudinal and circumferential shortening and late regression of LV hypertrophy. These changes in myocardial properties are independent of changes in blood pressure, since after normalization of cortisol levels, no significant changes in blood pressure were observed during follow-up. Apparently, restoration of normal cortisol secretion can completely normalize cardiac dysfunction, whereas cardiovascular risk factors, including hypertension or dyslipidemia, persisted in a group of patients despite optimal medical treatment [19] . An alteration of the sympathovagal balance of heart rate variability has also been found to be associated with an increased risk of cardiac events. It is worth noting that patients with CS have been found to display a sympathovagal imbalance characterized by relatively increased parasympathetic activity compared with the controls [20] , which suggests that a larger use of Holter electrocardiogram monitoring is warranted in order to reveal the occurrence of silent arrhythmias and/or myocardial ischemia in patients with CS.
Conclusions
The studies evaluating the vascular and cardiac structure and function in CS suggest that in the clinical management of patients with CS the focus should be on iden-53 tifying the global cardiovascular risk and the aim should be to control not only hypertension but also other correlated risk factors, such as obesity, glucose intolerance, insulin resistance, dyslipidemia, endothelial dysfunction and the prothrombotic state. Figure 1 shows a schematic representation of the relationship between glucocorticoid excess and cardiovascular risk. Considering that remission from hypercortisolism is often difficult to achieve and that the cardiovascular risk can persist even during disease remission, care and control of all cardiovascular risk factors should be one of the primary goals during the follow-up of these patients.
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